Abstract. The aim of this work is to present an application of the Dynamic Time Warping (DTW) method for the preliminary classification of data obtained during uroflowmetric tests. This enables determining whether the recorded data from the urine flow speed measurements is accurate or not. Example urine flow characteristics obtained from a uroflowmeter based on a strain gauge transducer were used in the research. The analysis of the algorithm performance was done on the basis of real tests results of patients with the risk of the prostate hyperplasia occurrence. Moreover, the results of example experiments are presented in this paper.
Introduction
The benign prostatic hyperplasia is one of most frequent diseases occurring at men over 50 years old. The enlargement of the prostate gland (> 30ml) is the reason of lesions within the urinary system, called the acute urinary retention (AUR) [1] . One of the ways of patient examination is uroflowmetry which can be treated as a non-invasive preliminary diagnostic method. Currently the devices used to measure the urine flow are usually based on strain gauge sensors [2] [3] [4] [5] . It is possible to determine the urine mass by the voltage analysis in bridge circuits (e.g. Wheatstone's bridge). Additionally, recording data with a defined sampling frequency, it is possible to determine the urine mass increase in time. A flowmeter equipped with a rotating disc on which the patient's urine drops is another solution [2] . The disc rotates with constant speed due to an electric engine. In a measurement system of this type, the values such as current voltage supplying the engine, which is proportional to the urine flow intensity, are measured. The urine flow speed measurement by analyzing the hydrostatic pressure read by a pressure transducer is another solution. Such system uses the pressure measurement in a container closed at one side, e.g. at the top, where a pressure sensor is placed. The open side is situated in a container with fluid, therefore, raising its level causes the pressure increase. The pressure is, then, proportional to the urine flow [5] . All systems enable estimating the urine flow through the urethra on the basis of the measurements of the excreted urine volume and its flow speed [6] [7] [8] . In tests of this type, micturition parameters are usually presented in the form of a graph. Evaluation of the parameters helps the urologist to plan the therapy and monitor the conservative treatment.
Unfortunately, the lack of possibility of automatic data analysis in order to identify the abnormalities in the urine flow is a disadvantage of this solution. There are, however, devices that analyze the urine flow characteristics by applying the neural network, but they require appropriate computing performance. For all those reasons, the main aim of this work is to create an algorithm of the measurement data analysis which could be helpful with the BPH (benign prostatic hyperplasia) preliminary diagnosis. This algorithm could be implemented in a mobile uroflowmeter which would draw the urine flow characteristics, whose analysis would be used to classify patients to further diagnostic tests. The idea could also be used in a device permanently installed in the patient's house. The tests concerning the benign prostatic hyperplasia could be carried out constantly, and the device could inform the patient about the necessity of consulting the doctor immediately after detecting the urine flow disorder.
DTW algorithm as a method of uroflowmetric data analysis
The principle of the DTW algorithm is to compare a series of measurement results that have common features but are different in terms of time and amplitude [9] .
The algorithm of comparing the flows in time uses two signals: the model one -Xp, and the measured one -Xm, whose individual samples are recorded in the data board. During the first stage of the algorithm work, Euclidean distances between all samples of the compared signals are determined (1):
Next, the Yac cumulative cost on the matrix boundary elements towards Xp and Xm is calculated. Searching the path of the least cumulative cost of transition will be the next step of the process (2). In order to do it, the backtracking procedure is used. It consists in transition from the (Np, Nm) point to (1, 1) . Minimizing the transition function, e.g. finding the path in the matrix that has the least cumulative cost, is an important element of this stage of the process. The function that describes this issue can be presented as:
After finding the shortest path, the elements qualified as the least are summed up. Those summed up numerical values can be then used as a classifier of the measurement data analysis, indicating the degree of the signals similarity. It is worth stressing that in the carried out experiments, the average value of the urine flow obtained during the measurement was used as the reference model. Due to this fact, the algorithm employing the DTW method was not sensitive to the urination time, the urine flow amplitude or the urination initiation time until the moment of the maximum value of the urine flow. An example of the accurate urine flow and the characteristics of the transition path with the accumulative cost are presented in Fig. 1 . Whereas, the inaccurate urine flow can be seen in Fig. 2 .
In order to test the algorithm, an original uroflowmeter based on a strain gauge was used [4] . The device was equipped with a microcontroller that acquired the measurement data and recorded it in the local memory. After the tests had been done, their analysis was conducted with the use of the previously mentioned DTW algorithm in the MATLAB environment. A group of randomly chosen 20 patients aged 45-82 with hypothetic prostate hyperplasia were tested for the purpose of this research. The obtained results were consulted with a urologist in terms of the correctness of their medical interpretation.
As a result of implementing the presented algorithm, satisfying data analysis results were obtained. In the tested cases, the following cost coefficients were applied: less than 0.3 for the accurate flows and more than 0.31 for the inaccurate flows. The efficiency of detecting the accurate urine flows equaled 97%.
Conclusions
The present work contains the implementation of the DTW method in the urine flow characteristics analysis. Real results of the uroflowmetric tests of a group of men aged 45-82 with hypothetic prostate hyperplasia were used in the research. The tests of the algorithm proved its correctness of 97%, which can be treated as a very satisfactory result. Such a great efficiency caused the authors to implement the worked out algorithm in a microcontroller-based measurement system which will acquire data from a strain gauge transducer. Further research will be therefore focused on an algorithm of the reference flow automatic generating, as well as on constructing a new version of the device aiming at measuring the urine flow speed.
